Abstract: Urban-rural equalized development (URED) is recognized as strongly contributing to the narrowing of societal, economic, life, and environmental gaps between urban and rural areas and is also an effective way to solve the "three rural issues" of rapid industrialization and urbanization in China. This paper explores the spatio-temporal patterns of URED in the state-designated experimental zone of Chengdu at a county level by using quantitative survey data from 2004 to 2013. The major findings are as follows: (1) the regions that are closer to the central city of Chengdu had a more optimistic urban-rural equalized development outlook (i.e., the three-tier geographical distribution phenomenon); (2) this distribution characteristic was gradually broken up in the process of urban and rural integration, and the differences between the three tiers has been narrowing; and (3) the gap between urban and rural areas has been significantly improved and exhibited a higher dynamic degree in the second and third tiers than in the first tier, which suggests a new development mode that exhibits better quality and higher sustainability. Given these results, the development orientation and strategy of each tier are discussed according to the characteristics of urban and rural equalized development.
Introduction
Development is a spatially uneven process driven by geographical difference in density, distance, and division [1] . In regional development, urban and rural areas are two non-homogeneous geographical economic entities that interact with and mutually influence each other. Urban-rural equalized development (URED) describes how urban and rural areas, which are two types of socio-economic units and human settlement spaces with different characteristics, seek to integrate development and coexist within one interdependent region and to smoothly accomplish the distinctive equalization of urban-rural economic investment, social service, quality of life, and ecological environment [2] [3] [4] . As the advanced stage of urbanization, URED considers the city and the countryside the countryside as a unified whole, and is a dynamic process of both promoting the free flow and optimized allocation of production factors and realizing the integration under market-oriented reform between urban and rural areas, which contribute to the formation of a new urban-rural pattern of equal status, mutual coordination, common prosperity, and all-around sustainable development [5] [6] [7] .
Since the establishment of the People's Republic in 1949, China has followed a central-planning model of development with collectivized agricultural production in rural areas and a concentration of heavy industry in urban areas based on the condition of undeveloped agricultural country. These urban-biased policies have prioritized urban development and opportunities over agriculture and peasants during the first three decades [8, 9] . Within policy reflected in measures such as the household registration system, urban and rural areas were separated into two unrelated entities in Chinese social and economic development, and a "dual track" structure including a series of unequal social systems was induced [10] [11] [12] . After the reform was launched in 1978, the traditional centralplanning economy was changed into a market-based one, Chinese rural economy achieved significant growth under the "household responsibility system" and the emergence of township and village enterprises (TVES) in the early 1980s, while the market-oriented economy strategy and open door policies with trade and foreign direct investment provided urban areas with great inherent development advantages [13] . There is no doubt that China has had significant success in economic and social development over the past three decades; by the end of 2013, the per capita GDP has increased to 43,320 which was 113.40 times that of 1978, and nearly 53.73% of the population was urban residents, which was 5.05 and 3 times that of 1949 and 1978, respectively ( Figure 1 ). However, the dual socio-economic structure has not been eliminated from this rapid and unprecedented process of urbanization because urban-biased policies such as fiscal revenue and expenditure, land acquisition, social insurance, and financial intermediation have not substantially changed [14] . The dual structure led to a series of differences between the urban and rural sectors, which was especially reflected in economic development, social progress, political rights, and life quality. The ratios of urban and rural incomes were 2.57, 3.231, and 3.03 in 1978, 2003 , and 2013 at the national level, respectively (Figure 1) , and the absolute difference of urban and rural consumption expenditure rose to 11,397.1 in 2013, furthermore, 82.49 million rural residents still lived in poverty in 2013, which was the hardest issue to tackle for the poverty alleviation programme and was not conducive to the stability of society. Rural residents faced with the shortage of public service such as social security and infrastructure construction, which further expanded the differences. Data showed that one urban NPC representative represents one quarter of the citizens represented by a rural representatives. Unlike farmers living under poor conditions, urban residents live in rich and modern The dual structure led to a series of differences between the urban and rural sectors, which was especially reflected in economic development, social progress, political rights, and life quality. The ratios of urban and rural incomes were 2.57, 3.231, and 3.03 in 1978, 2003 , and 2013 at the national level, respectively (Figure 1) , and the absolute difference of urban and rural consumption expenditure rose to 11,397.1 in 2013, furthermore, 82.49 million rural residents still lived in poverty in 2013, which was the hardest issue to tackle for the poverty alleviation programme and was not conducive to the stability of society. Rural residents faced with the shortage of public service such as social security and infrastructure construction, which further expanded the differences. Data showed that one urban NPC representative represents one quarter of the citizens represented by a rural representatives. Unlike farmers living under poor conditions, urban residents live in rich and modern conditions with an intensive distribution of public facilities, such as libraries, cinemas, and stadiums. These factors put rural areas at a disadvantage in competition with urban. Furthermore, these expanding differences are quite different from the eastern coast to the central and western China and were concentrated on the "three rural issues" (San Nong in Chinese; issues concerning agriculture, countryside & farmers) [15] .
Industrialization and urbanization is the only road that lead to China's modernization, current rapid industrialization and urbanization has caused rural hollowing and depopulation, the rural brain-drain phenomenon, in which 0.9 million natural villages have disappeared in China from 2000 to 2010, which is equivalent to nearly 250 per day, and urban-rural contradictions have increasingly become more prominent [16, 17] . Additionally, the balance between economic growth and environmental protection for sustainable urbanization has been destroyed because the natural environment has been seriously polluted both in urban and rural areas, particularly in recent years, the megacities have been faced with grand challenges in achieving environmental sustainability, and the occurrence of urban pollution transfer to rural areas is widespread, which significantly threatens rural ecological functions [18, 19] . The continuously expanding urban-rural gap and worsening rural environment due to the dual-track structure in socio-economic development not only inhibits the urbanization process but also triggers a series of risks to social stability, which have become bottlenecks to sustainable social and economic development in China [20, 21] . The most notable issue is the extreme lack of coordination in economic development, social justice, and resource allocation between urban and rural areas which led to inefficient agriculture, backward countrysides, and poor farmers in rural areas, and the difference is so significant that it has obstructed China's overall development [4] . With these points put into consideration, urban and rural development can no longer be seen isolated or conflicting, more coordinated and sustainable urbanization strategies are needed [22] .
With the goal of eliminating the gap between urban and rural areas and solving the "three rural issues", the Chinese government has made various exploration efforts. From 2004 to 2015, the topic of the No. 1 document of the CCP Central Committee of each year focused on the "three rural issues," which promoted coordinated urban-rural development to solve rural development issues. The scientific outlook of urban-rural integration was proposed in the third plenary session of the 16th CCP Central Committee, emphasizing the "Five Coordinations," in which the "coordination of urban-rural development" is on the top of the agenda. "Building a socialist countryside" was proposed in the fifth plenary session of the 16th CCP Central Committee and is the embodiment of the policy that promoted urban and rural integration, implementation of industry nurturing agriculture, and cities supporting rural areas to coordinate urban and rural development [23] . The 18 central committees of the CPC in 2012, aimed to seek coordinated development and promote common prosperity between urban and rural areas to solve the "three rural issues", URED as a major strategy of rural sustainable development was proposed [24] .
As described above, the prominent feature, core, essence, and fundamental solution of the "three rural issues" are the widening gap between urban-rural areas, too many farmers with low income in the countryside, the lag in rural market reform, and urban-rural dual structure adjustment, respectively [7, 25, 26] . First, based on the consideration of the urban and rural sectors as a unified whole, URED breaks the administrative boundaries to change the dual structure for promoting the free flow of all kinds of production factors and the free migration of residents between urban and rural areas according to the market orientation, which is conductive to reducing the number of farmers by the orderly transfer of rural surplus labor force [27] . Second, URED adjusts the development policy to rural incline reasonably, aiming to promote agricultural industrialization and rural industrialization under cities supporting the countryside, which will significantly enhance the rural economy and increase farmers' income steadily [28, 29] . Moreover, URED adopts unified urban and rural planning, and improves the rural conditions by strengthening rural infrastructure, which will accelerate the process of rural urbanization [30, 31] . Finally, URED gradually deepens system reforms, such as land acquisition, household registration, and social security, to further improve basic public services in the countryside, and to improve the quality of life of rural residents constantly [5, 32, 33] . As the advanced stage and a new type of urbanization, URED is the correct choice and fundamental way to solve the "three rural issues" under the special national conditions in China.
In recent years, many scholars have conducted detailed studies of China's urban-rural equalized development from multiple perspectives that considered development models and manners [34] [35] [36] [37] , spatio-temporal patterns [3] , and land system reform [38] [39] [40] . Most studies used qualitative analyses and descriptions in certain aspects of URED, and the majority of these studies were focused on the eastern coastal region of China; therefore, quantitative study of urban-rural equalized development in the western region of China is of great theoretical and practical significance. This study aims to develop an evaluation index system, and multi-dimensional methods were introduced to explore URED conditions and spatio-temporal patterns of the city of Chengdu at a county-level from 2004 to 2013. This study may serve as a scientific reference regarding decision-making in urban-rural equalized development and new types of urbanization elsewhere in China.
Materials and Methods

About Chengdu
Chengdu city is located in southwest China from 102˝54 1 to 104˝53 1 E longitude and between 30˝05 1 and 31˝26 1 N latitude in the center of Sichuan province and is also the political, economic, and cultural center of Sichuan. Chengdu is a typical mega city with an area of approximately 1.21ˆ10 4 km 2 and a population of 11.73 million at the end of 2013. The Chengdu Municipality is composed of nine districts (Jinjiang, Qingyang, Jinniu, Wuhou, Chenghua, Longquanyi, Qingbaijiang, Xindu, and Wenjiang), six counties (Jintang, Shuangliu, Pixian, Dayi, Pujiang and Xinjin), and four county-level cities (Dujiangyan, Pengzhou, Qionglai, and Chongzhou) under its administration. Figure 2 shows the geographic distribution of Chengdu City, the yellow lines are extracted from the main link roads, the first tier is the central city, the second tier is the peripheries and the third tier is the remote counties and towns. [5, 32, 33] . As the advanced stage and a new type of urbanization, URED is the correct choice and fundamental way to solve the "three rural issues" under the special national conditions in China.
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About Chengdu
Chengdu city is located in southwest China from 102°54′ to 104°53′E longitude and between 30°05′ and 31°26′N latitude in the center of Sichuan province and is also the political, economic, and cultural center of Sichuan. Chengdu is a typical mega city with an area of approximately 1.21 × 10 4 km 2 and a population of 11.73 million at the end of 2013. The Chengdu Municipality is composed of nine districts (Jinjiang, Qingyang, Jinniu, Wuhou, Chenghua, Longquanyi, Qingbaijiang, Xindu, and Wenjiang), six counties (Jintang, Shuangliu, Pixian, Dayi, Pujiang and Xinjin), and four county-level cities (Dujiangyan, Pengzhou, Qionglai, and Chongzhou) under its administration. Figure 2 shows the geographic distribution of Chengdu City, the yellow lines are extracted from the main link roads, the first tier is the central city, the second tier is the peripheries and the third tier is the remote counties and towns. Since the reform, Chengdu has experienced rapid urbanization and industrialization. At the end of 2002, Chengdu's GDP ranked fourth among the 15 sub-provincial cities, and the per capita GDP was 16,277, which was 36.25 times that of 1978. However, it was still a typical metropolitan city with a large rural area. The non-agriculture population proportion accounted for 35.6% of the total. Since the reform, Chengdu has experienced rapid urbanization and industrialization. At the end of 2002, Chengdu's GDP ranked fourth among the 15 sub-provincial cities, and the per capita GDP was 16,277, which was 36.25 times that of 1978. However, it was still a typical metropolitan city with a large rural area. The non-agriculture population proportion accounted for 35.6% of the total. Compared to the central city with an area of 3681 km 2 , which produced 73% of the GDP with a population of 5.8 million, the outer suburban districts were 2.37 times larger and produced the remaining 27% of the GDP with 5.4 million people. The ratio of urban and rural incomes was further widened to 2.66. Thus, the urban-rural development was so imbalanced that the process of urbanization faced with many socio-economic risks.
Under this situation, aimed to narrow the urban-rural gap and achieve urban-rural equalized development, Chengdu has performed comprehensive reform in coordinating the development between urban and rural areas since 2003. The core strategy was "Three Concentrations": the concentration of rural residents in the township, the concentration of land to realize scale economies, and the concentration of firms in the organized industrial zone. Under this guideline, a series of policies and institutions from different aspects of economic and social development were introduced into practice step by step, including the reform of the household registration system; the development planning of global Chengdu; the construction of s new countryside pilot zone and the modern garden city pilot line in social reform; the funding of cultivated land protection; the comprehensive consolidation of land resources; the right conformation and certificate granting of land-use rights in land management; the "21 + 10 consolidated industrial development areas;" and the "one area, one key industry" policy based on their own comparative advantage and the capacity of the land resources and environment of each region in economic development. The gap between urban-rural areas and the worsening environment, which constrains sustainable development and urbanization, were significantly improved in Chengdu, URED has been shown to be an effective strategy to drive rural development. Chengdu has promoted URED which was a multi-level, multi-factor, and multi-faceted process for more than 10 years as a state designated national pilot area [41] . Thus, it is of significant theoretical and practical interest to choose Chengdu as the study area.
Data Resources
This study used data about Chengdu from 2004 to 2013, and the data of the 19 districts in 2004, 2007, 2010, and 2013 . These four typical years were significant in Chengdu's URED. In 2004, the municipal government of Chengdu officially made a strategic plan: coordinated urban-rural socio-economic development, and the integration of urban and rural areas. The government also gradually introduced a series of measures, such as the household registration system reform. In 2007, Chengdu was approved to be the national urban-rural comprehensive reform pilot area, and the "global Chengdu" development plan was first proposed. In 2010, which was the last year in the 11th five-year plan, and also the beginning year of construction of the world's modern garden city. In 2013, a total scheme, roadmap, and schedule of the coordinated development between urban and rural areas over the next five years in Chengdu were created. Thus, these four years were particularly useful for studying URED in Chengdu. The socio-economic data used in this study were derived from the Sichuan Statistical Yearbook (2005-2014), the Statistical Yearbook of Chengdu (2005-2014), the National Bureau of Economic and Social Development (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , and the annual government work report of each region in this period. Any data used in this study were from unified statistical sources and were standardized before analyses were performed. Spatial data processing and visualization were programmed in ArcGIS 10.1.
Evaluating Indicator System and Methodology
Establishment of an Appraisal Indicator System of URED
As mentioned above, URED should consider human, economic, environmental, and social development between urban and rural areas as a whole so it cannot be evaluated by a single indicator; thus, this paper uses multiple indicators [23] . We first performed a frequency analysis of the appraisal indicators from 46 studies between 2010 and 2015 on this related topic, and then considered the regional characteristics and natural conditions of Chengdu. An appraisal indicator system consisting of 17 variables that described spatial allocations, economic development, social services, quality of life, and ecological environment was established (Table 1) . Table 1 . Indicator system evaluating urban-rural equalized development.
Target Layer Index Layer Calculation Formula
Spatial allocation Highway net density (km/km 2 ) Non-agriculture population proportion ( 
Methodology
The indicators in the appraisal indicator system cannot be compared because they have different units. A normalization process was used to standardize the evaluation index data to eliminate the impact of different dimensions. The formula is as follows:
where X j , X max , X min , and Z j are the original, maximum, minimum, and standardized value of the jth evaluation index, respectively [41] .
Principal component analysis was used to screen out certain principal indicators that had a larger influence upon the assessment of urban-rural equalized development. SPSS version 19 for Windows was used to analyze the URED state based on the collected socio-economic data of 19 districts; the results of this analysis were used to create an urban-rural equalized development index (UREDI), which was calculated using the following weighted average:
where m is the number of components extracted by SPSS , n is the number of indicators, w i is the weight of the ith component, and u ij is the score coefficient of the jth indicator for the ith component.
To describe the URED state at a given time, the evaluation model of the URED dynamic degree is established:
where K is the dynamic degree of URED during a given time; UREDI i and UREDI f are the initial and final UREDI of the study period, respectively; and T is the duration of the dynamic change in years [42] .
Results and Discussion
Evaluation of URED
Factor Identification for Evaluation of URED
Before the principal component analysis was performed, the common KMO (Kaiser-Meyer-Olkin) and Bartlett's tests were conducted, and their results showed that the KMO value of economic benefit indicators was 0.870, which was greater than 0.85, indicating that the sample was suitable for principal component analysis [43] . The four predominant components were extracted from the 17 original indices with the varimax rotation method; the first four principal components can explain 81.861% of the total variance (Table 2) . Based on the rotated component matrix, component I primarily describes the urban-rural social development degree, which consists of the consumption of chemical fertilizer, per capita cultivated land area, non-agriculture population proportion, percentage of rural nonfarm payrolls, average number of hospital beds per 100 inhabitants, and persons receiving lowest cost-of living per 100 inhabitants with 29.125% of the total variance [3, 40, 44, 45] . Component II, which is composed of the per capita public-budgetary expenditure, per capita fixed-asset investment, per capita domestic product, green coverage rate of built-up area and highway net density, is related to the degree of economic development and accounts for 27.397% of total variance [41, 46, 47] . The ration of urban-rural residents' income, per capita retail sales of consumer goods and ratio of urban-rural residents' consumption expenditure compose component III, which accounts for 16.437% of the total variance. These three indicators primarily describe the life conditions between urban and rural residents [7, 44, 48] . Component IV consists of the remaining average number of full-time teachers
per each 100 regular Secondary School students and index of urban-rural productivity of dual track structure, which accounts for 8.902% of the total variance, and primarily describes the quality of the equalized development between the urban and rural areas [33, 47] , and the systematic cluster method was applied to cluster the UREDI of these years into four categories, as shown in Table 3 . Category I describes a high-integration area; category II describes a medium-integration area; category III describes a low-integration area; and category IV describes a very-low-integration area. Furthermore, the urban-rural equalized development state of each district in these four years is geographically shown according to the UREDI values in Figure 3 . Regions with dark green, light green, dark yellow, and dark red represent categories I-IV, respectively. As shown in Figure 3 , the URED state of Chengdu showed a well-defined geographical distribution: the urban-rural equalized development index was higher in areas that were nearer to the city center, this geographical distribution phenomenon was gradually broken down along with the implementation of URED from 2004 to 2013. More specific details regarding these four years are discussed below. Additionally, the variation coefficient of UREDI decreased from 5.370 in 2004 to 1.938 in 2013, demonstrating that the regional difference in the 19 districts declined. By the end of 2013, most of Chengdu surpassed the low-integration level, and no region belonged to category IV (Table 3) . Categories I, II, and III accounted for 36.84%, 47.37%, and 17.79% of the total number of districts, respectively. The three-tier geographical-distribution phenomenon further disintegrated, and regional differences have decreased with the accelerated integration process. Wenjiang and Dujiangyan have made significant progress during the observed period, In 2004, the URED of Chengdu exhibited a pronounced three-tier geographical distribution; the geographical distribution characteristic indicated that urban and rural areas developed separately. The four categories accounted for 26.32%, 21.05%, 47.37%, and 5.26% of the total districts, respectively, and most fell into category III (Table 3) , with nine in the low-integration state.
By 2007, the overall urban-rural integration level of Chengdu regressed to a certain degree, particularly in the first circle, while the second tier showed some extensive progress, the differences between the three circles were still very significant (Figure 3 ). The ratios of the districts in each of the four categories to the total 19 districts were 21.05%, 31.58%, 42.11%, 5.26%, respectively, and category III was still dominant, although the number of districts had decreased. With rapid industrialization and urbanization, regions that were not in the first tier in Chengdu began to gradually make progress in this time period. For example, Dayi, which is located in the third circle, reached category II, which was the first time that regions in the third tier improved from category III or IV.
In 2010, there were five, nine, four, and one districts in categories I, II, III and IV, respectively, which accounted for 26.32%, 47.37%, 21.05%, and 5.26% of the total number of districts, respectively. Category II accounted for the largest proportion, and the geographical distribution of the three circles was uneven, with the third tier showing great improvement (Figure 3) . Rural development has improved since the pilot area was established, and the overall urban-rural equalized development level of Chengdu has improved accordingly.
By the end of 2013, most of Chengdu surpassed the low-integration level, and no region belonged to category IV (Table 3) . Categories I, II, and III accounted for 36.84%, 47.37%, and 17.79% of the total number of districts, respectively. The three-tier geographical-distribution phenomenon further disintegrated, and regional differences have decreased with the accelerated integration process. Wenjiang and Dujiangyan have made significant progress during the observed period, particularly, which performed better in their own tier. However, the extent of equalized urban-rural development in remote and mountainous areas, such as Pengzhou, Jintang, and Qionglai, were still not yet high; thus, more attention should be devoted to these districts.
Dynamic Degree of URED
To further qualitatively analyze the dynamic evolution pattern of URED in Chengdu, the value of K was calculated based on formula 3 and the mean value was 0.353 while the mean value of regions with a dynamic degree of URED lower than 0.353 was 0.07. According to the value of K, Sustainability 2016, 8, 422 10 of 17 each region was grouped into one of four types: type I was assigned to regions with a dynamic degree <0 (i.e., downward region); type II was assigned to regions with a dynamic degree of 0.000-0.07 (i.e., slowly upward regions), type III was assigned to regions with a dynamic degree of 0.07-0.353 (i.e., stably upward regions), and type IV was assigned to regions with a dynamic degree >0.353 (i.e., rapidly upward regions). The overall dynamic patterns of Chengdu during the study period are shown in Figure 4 , each of the four colors represent the corresponding type as shown in the legend. (Figure 4 ). In terms of economic development, with development set as the highest priority, all districts in Chengdu made substantial improvement due to rapid urbanization and industrialization. Urban areas, particularly those that were the first tier, had priority development. The ratio of urban-rural residents' income in Chengdu reached a peak at 2.632 in 2007, and all five districts in the first tier exhibited a declining UREDI value in 2007 compared to that of 2004. Social development did not show substantial progress, which was reflected in the sum of the three tiers in 2007, compared to that of 2004, it has decreased 3.09, 1.63, and 0.19, respectively. This factor was the primary reason for the deterioration of the UREDI. Certain areas in the second tier, such as Wenjiang, Qingbaijiang, and Xindu, made significant improvement, while only few regions in the third tier exihibted changes during this period.
Dynamic Degree of URED during 2007-2010
Between 2007 and 2010, the "global Chengdu" plan was proposed and implemented; the urban and rural comprehensive reform was further developed; and urban-rural equalized development in Chengdu achieved profound success. With the exception of Jinniu, Chenghua, and Pengzhou, all of the districts in Chengdu achieved a clear upward trend while promoting urban-rural equalized development, particularly in the second tier, in which all the six districts showed either stable or rapid upward development; this spatial aggregation was significant (Figure 4) . Additionally, the third tier initially showed certain significant changes, even though these changes lagged behind those of the second tier. The growth of the per capita net rural income accelerated even more quickly, and the gap of quality of life between urban and rural areas gradually decreased as the agricultural economy of the rural area improved.
Dynamic Degree of URED during 2010-2013
The urban-rural equalized development in Chengdu maintained a stable trend during 2010-2013. In general, five districts ascended one level, two regions that did not belong to the first tier (Wenjiang and Dujiangyan) reached a high-integration state (Figure 3) , and the economic gap between the first and second tiers was drastically reduced. During this period, as the primary group with a higher dynamic degree, 57.14% of the area in the second and third tiers showed rapid upward development, and 35.71% showed stable upward development (Figure 4 ). Compared to 2010, the sum of component III of the three tiers in 2013 have increased 1.80, 1.08, and 2.16, for the first , second and third tiers, respectively, which indicated that the quality of life of residents was further improved, but social development still lagged far behind the economic success according to the sum of component I. More than half of the 19 districts (73.68%) showed a higher dynamic degree during this period than during the period of 2007-2010; which indicates the strong potential of sustainable urban-rural equalized development in Chengdu. The gap between the three tiers was gradually disappearing, indicating that the "global Chengdu" plan made significant achievements in the overall integration development in Chengdu, and the location advantage was not as significant as it had been in the past.
Strategy to Promote URED
In the process of urban-rural comprehensive reform from 2004 to 2013, Chengdu made significant efforts in multiple aspects as mentioned above, and all of these policies and institutions have significantly improved the gap between urban and rural areas in Chengdu; in fact, the ratio of urban-rural income decreased to 2.308 and the non-agricultrre populatin proportion rose to 61.34% in 2013 ( Figure 5 ). The three-tier geographical distribution phenomenon and the spatial aggregation characteristics of Chengdu are still present but are not as significant as previously observed, demonstrating a gradual downward trend (Figure 3) . For a long time, first-tier regions in Chengdu showed better integration conditions due to the location advantages of this region for social development, good infrastructure for economic growth, easy access to the central city for rural residents, and preferential policies in regional development. Rural residents in these five districts exhibited a greater probability of being employed in nonagricultural industries with higher incomes; easier access to enjoying a city lifestyle with social security, welfare, and public services; and a more significant opportunity to be a citizen. Conversely, rural residents that live in the second-and third-tier regions experienced difficulties in enjoying equal opportunities because of the remote distance from the central city's sphere of influence, fewer nonfarm job opportunities, scattered handicraft industries with lower salaries and a reduced opportunity to be a citizen. The differences between the urban and rural sectors in these areas were thus more significant than the first-tier districts. In the end of 2013, the per capita GDP of the three tiers were 72,705, 69,991, and 32,657; meanwhile, the non-agriculture population proportions were 100%, 56.3%, and 36.4% ( Figure 6 ). Therefore, the three tiers of districts should adopt different optimized strategies to guide URED in the coming years.
(1) The five districts in the first tier should increase their focus on the quality of URED and steadily strengthen social development, take the lead in industrial transformation , optimize the industrial structure, and increase lower energy consumption and high-value industries to improve economic competitiveness. It is also necessary to vigorously develop characteristic agriculture and promote rural development according to their unique location advantage of these regions to improve agricultural productivity and strengthen the strict protection of environmental and land resources to ensure the development potential and further improve the life quality of residents.
(2) Compared to the first tier, the six regions in the second tier have achieved great success in economic development: the per-capital GDP of the second tier was almost equal to the first tier in 2013 ( Figure 6 ). Unlike the first tier, in which the tertiary and service industry was the leading industry, industrial manufacturing was the leading industry in the second tier. Therefore, the second tier should speed up the upgrading of industrial transformation, enhance industrial competitiveness, and strengthen the environmental protection for sustainable development to provide more public resources for social development, as the second tier currently falls behind first-tier areas in this field, and improve the conditions for the urbanization of rural residents [41] . Furthermore, it is necessary to significantly improve the people's livelihoods, which, at their current state, severely restrict the progess of urban-rural integration in these regions.
(3) Compared with regions of tiers 1 and 2, the primary problem of third-tier regions is undeveloped economies ( Figure 6) ; thus, their primary goal is development. Under the guidelines of scientific and sustainable development, these areas should emphasize the development of a characteristic economy that is based on their own environmental capacity and regional advantages as soon as possible, develop a scaled economy and provide more non-farm job opportunities to accumulate wealth for increasing the rate of development of infrastructure and public service For a long time, first-tier regions in Chengdu showed better integration conditions due to the location advantages of this region for social development, good infrastructure for economic growth, easy access to the central city for rural residents, and preferential policies in regional development. Rural residents in these five districts exhibited a greater probability of being employed in non-agricultural industries with higher incomes; easier access to enjoying a city lifestyle with social security, welfare, and public services; and a more significant opportunity to be a citizen. Conversely, rural residents that live in the second-and third-tier regions experienced difficulties in enjoying equal opportunities because of the remote distance from the central city's sphere of influence, fewer non-farm job opportunities, scattered handicraft industries with lower salaries and a reduced opportunity to be a citizen. The differences between the urban and rural sectors in these areas were thus more significant than the first-tier districts. In the end of 2013, the per capita GDP of the three tiers were 72,705, 69,991, and 32,657; meanwhile, the non-agriculture population proportions were 100%, 56.3%, and 36.4% ( Figure 6 ). Therefore, the three tiers of districts should adopt different optimized strategies to guide URED in the coming years.
(2) Compared to the first tier, the six regions in the second tier have achieved great success in economic development: the per-capital GDP of the second tier was almost equal to the first tier in 2013 (Figure 6 ). Unlike the first tier, in which the tertiary and service industry was the leading industry, industrial manufacturing was the leading industry in the second tier. Therefore, the second tier should speed up the upgrading of industrial transformation, enhance industrial competitiveness, and strengthen the environmental protection for sustainable development to provide more public resources for social development, as the second tier currently falls behind first-tier areas in this field, and improve the conditions for the urbanization of rural residents [41] . Furthermore, it is necessary to significantly improve the people's livelihoods, which, at their current state, severely restrict the progess of urban-rural integration in these regions.
(3) Compared with regions of tiers 1 and 2, the primary problem of third-tier regions is undeveloped economies ( Figure 6) ; thus, their primary goal is development. Under the guidelines of scientific and sustainable development, these areas should emphasize the development of a characteristic economy that is based on their own environmental capacity and regional advantages as soon as possible, develop a scaled economy and provide more non-farm job opportunities to accumulate wealth for increasing the rate of development of infrastructure and public service infrastructure for social development. Additionally, both the second and third tier should provide more pathways to city residency for rural residents. The municipal government of Chengdu should provide more support in public finance with their autonomy in resource allocation, urban planning, and economic policy, such as increasing fiscal spending and investment in fixed assets in a reasonable manner, which will significantly improve the investment environment in these areas [49, 50] . infrastructure for social development. Additionally, both the second and third tier should provide more pathways to city residency for rural residents. The municipal government of Chengdu should provide more support in public finance with their autonomy in resource allocation, urban planning, and economic policy, such as increasing fiscal spending and investment in fixed assets in a reasonable manner, which will significantly improve the investment environment in these areas [49, 50] . 
Conclusions
China has entered a phase of new-type urbanization, urban-rural equalized development not only plays an important role in breaking up dual structures in social and economic development, but also makes a strong contribution to achieve coordinated and balanced development between the urban and rural sectors. This approach is an effective manner by which Chinese industries nurture agriculture and cities support rural areas to solve the "three rural issues" in a scientific and sustainable way. It is also of great significance to ensure sustainability during this new-type of urbanization. Up until now, there has been a lack of spatio-temporal analysis of URED at countylevel in the existing literature especially in western China, this study attempts to fill this gap.
In our study, unlike the subjective evaluated methods such as the AHP and Delphi, PCA avoided the limitation of human subjectivity and the problem of the repeated weighting of the each evaluation index because of the correlation between them, which strongly contributed to ensuring the scientific nature of this study under the respect of the integrity of the 17 indicators. Additionally, UREDI not only accurately reflected the overall condition of URED, but also revealed detailed information for each factor corresponding to the specific value of each component, this has important implications for policy makers in identifying the overall regional development pattern [51] . Moreover, the PCA method used in synergy with GIS technology made it possible to simulate URED temporal aspects in a spatially explicit manner, which strongly contributes to ensuring sustainability in regional development, especially in developing countries like China with unequal development between cities and rural areas [52] [53] [54] [55] [56] .
By using principal component analysis, we explored the saptio-temporal differentiation of urban-rural equalized development in Chengdu, as the state-designated experimental zone to promote urban-rural comprehensive reform, which has experienced rapid industrialization and urbanization, has explored the theory and practice of URED since 2003 to more effectively urbanize Chengdu and significantly decrease the gap between urban and rural areas compared to the national level (Figures 1 and 5 ). In the proposed study, 17 indicators of five categories were identified to develop the UREDI for the urban-rural equalized development conditions of the 19 county-level districts under Chengdu's administration, and the dynamic degree was calculated to further analyze the spatial dynamic patterns from 2004 to 2013. This study revealed the dynamic evolution of URED in both spatial and temporal dimensions in the example study area, and provided insights into decision-making process and policy actions in regional development [52, 57, 58] .
The findings indicate that Chengdu has made significant progress in urban-rural integration 
China has entered a phase of new-type urbanization, urban-rural equalized development not only plays an important role in breaking up dual structures in social and economic development, but also makes a strong contribution to achieve coordinated and balanced development between the urban and rural sectors. This approach is an effective manner by which Chinese industries nurture agriculture and cities support rural areas to solve the "three rural issues" in a scientific and sustainable way. It is also of great significance to ensure sustainability during this new-type of urbanization. Up until now, there has been a lack of spatio-temporal analysis of URED at county-level in the existing literature especially in western China, this study attempts to fill this gap.
The findings indicate that Chengdu has made significant progress in urban-rural integration during these 10 years (Figures 3, 5 and 6 ). The gap between urban and rural has gradually decreased ( Figures 5 and 6) , and the three-tier geographical phenomenon was disintegrated ( Figure 3 and Table 3 ); the second-and third-tier areas showed a higher dynamic degree than the first-tier areas (Figure 4) , and all three tiers displayed a favourable sustainable integration development mode during the study period. Each tier should adopt different development strategies based on their own natural conditions and present characteristics of urban and rural equalized development to promote urban and rural equalized development in the coming years ( Figure 6 ). Besides, the Chengdu municipal government should further strengthen policy support and guidance of the urbanization and industrialization in the third tier, so as to promote the integration and coordination of global Chengdu.
Urban-rural equalized development is highly multidimensional, dynamic over long periods, and difficult to quantify, this study has explored the spatio-temporal differentiation of URED reasonably and reliably in the example study area at county-level [59, 60] . This identified methodology can be adopted to assess and monitor the spatio-temporal pattern of URED in wide time span, especially at county-level. However, only 17 potential indictors were chosen due to the availability of good quality data with the necessary temporal and spatial resolution, the evaluation index system is required to further add relevant indicators. As URED usually occurs over a wider time span, the case study with a time span of just 10 years was not enough to understand the dynamics of long-run processes of URED [61] . Additionally, it should be noted that this study was conducted just in Chengdu at county-level, this methodology requires further study to increase their level of applicability and efficiency at all spatial and temporal scales, which might give some new insights [62] [63] [64] . The authors are aware that a single case study cannot prove a theoretical framework; nevertheless, the findings can serve as a useful reference to monitor dynamic changes in sustainable urban and rural development for planners and policy makers.
